We report a family of ferroelectric materials which exhibit optical control of dielectric constant, polarization, and conductivity at ambient conditions. The evolution of photo-induced charge carriers under illumination of weak monochromatic light of wavelength l ¼ 405 nm developed electronic polarization that reorients or enhances the ionic polarization in the direction of the applied electric field, hence significantly increasing the net polarization. The presence of electronic polarization in perovskites, especially ABO 3 oxides, and the contribution to the ionic polarization, is a matter of debate among ferroelectric community; however, recent experimental evidence proved that electronic polarization contributes to overall polarization in different ways: if it is additive, it will act along the direction of ionic polarization; and if it is subtractive, it will act in the opposite direction. We report a newly developed lead-based ferroelectric family Pb 1Àx (Li 0.5 Bi 0.5 ) x (Zr 0.2 Ti 0.8 )O 3 (PLBZT) for x ¼ 0.3, 0.4, 0.5, which have been successfully synthesized by a conventional solid state reaction route. The X-ray diffraction patterns were recorded at room temperature and refined with Rietveld parameters which confirm its tetragonal structure with P4mm space group symmetry. The Raman spectra, dielectric properties and leakage currents are analyzed. The current conduction mechanisms obey bulk limited Poole-Frenkel model and provide optical dielectric constant similar to theoretical value to lead zirconate titanate.
Introduction
Several years ago, V. M. Fridkin proposed mechanisms and related phenomena for possible conversion of light to electricity using bulk ferroelectrics, i.e. "photo-ferroelectrics". 1 In the following decades further development has been taken place on ferroelectric photovoltaic (PV) materials and devices, 2,3 mostly centered, however, around the understanding of basic physics. A good recent example of the controversy in assessing electronic contributions (as contrasted with ionic contributions) to ferroelectricity is afforded by the work on K 3 Fe 5 F 15 , where the experiments of Blinc et al. [4] [5] [6] showed no electronic contribution, but subsequent DFT theory by Yamauchi and Picozzi 7 incorrectly inferred an electronic (non-ionic) origin.
Photo-ferroics are a particular class of materials where phenomena, the ferroelectric effect and the photoelectric or photovoltaic effect are intimately linked. These two effects are somewhat incompatible in nature since high quality ferroelectrics must be electrical insulators in order to withstand large applied voltages or elds, whereas photovoltaic devices need high open-circuit voltage and short-circuit current. A big advantage of photo-ferroelectrics compared to conventional silicon or organic photovoltaic devices is their directionality: polarization dictates the direction of photocurrents. The photoferroic systems develop a complex relation between the ferroelectric phase stability (including domain size and distribution) and photo-response; these photo-generated charge carriers (electrons and holes) in relatively high concentration affect the free energy close to ferroelectric transition (Curie point). The nature and magnitude of phase transition can be signicantly altered by the photo-excited electron sub-system.
In general it has been observed that the presence of photoexcited charge carriers considerably changes the polarization hysteresis 8 and shis the ferroelectric phase transition temperature towards lower temperatures. 9, 10 Photo-assisted polarization hysteresis may increase or decrease depending on screening effects, population of defect centers, trap-lling, and neutralization of depolarization elds. The Curie temperatures (T c ) were considerably lowered as observed long ago in SbSI, and the shis in T c were proportional to the carrier concentrations in the matrix. 11 The presence of charge carriers may cause structural deformation where the unit cell volume gets affected by generation of charge carriers during the phase transition. The effective permittivity has strong dependence on the concentration of carriers. Readers are referred to V. M. Fridkin's seminal texts for the physical manifestations of the photo-ferroic effect.
1,12
Recently Dawber et al. 13 explained the possible origin and direction of electronic polarization in perovskite BaTiO 3 . They proposed the change in the electronic weight due to displacement of central cations and 2p electron orbitals for oxygen ions which in turn modies the ionic polarization. This effect may be more signicant if one can change the electron population by any other means. For example, under illumination of light, a signicant amount of photo-generated charge carriers develop in the matrix which notably alters the 2p electron orbitals and hence can produce giant electronic polarization in the direction of ionic polarization. The HoMn 2 O 5 crystal polarization depends on the spin direction, which leads to electronic polarization opposite to the ionic polarization of the system.
14
The electronic polarization vector may be in the direction of ionic polarization or in the opposite direction; this depends on the electron transfer contribution, hybridization of electronic orbitals, and spectral weight of electron density. A giant electronic polarization was experimentally observed in molecular ferroelectric crystals; their magnitudes were an order of magnitude higher than the ionic polarization. Kobayashi et al. performed polarization experiments on the organic molecular crystal tetrathiafulvalene p-chloranil (TTF-CA) that showed giant electronic polarization below 81 K.
15
The electron-hole pairs (excitons) are tightly bound in many ferroelectrics, but can be separated at the domain walls by inbuilt electric eld or under illumination of light or application of external electric elds. These free charge carriers signicantly alter the depolarization elds, which in turn change the net polarization of the system. The effective collection of charge carriers also depends on the choice and design of electrodes. The proper selection of low work-function electrodes tune the barrier height of the Schottky contact near metalferroelectric interface and make a balance between requirements of large barrier height for switchable polarization and ohmic contact for high photovoltaic effects. 16, 17 The unconventional bulk ferroelectric photovoltaic effect was extensively explored in early 1970's and explained on the basis of noncentrosymmetric nature of the crystals.
12,18 However, with the advent of sophisticated thin-lm fabrication techniques, ferroelectric-photovoltaic effects and low bandgap ferroelectric materials received great attention due to strong coupling of polarization and light.
19-21
Among the ferroelectrics families lead zirconate titanate PbZr x Ti 1Àx O 3 (PZT) found a special place due to its optimal properties, such as large fatigue-free polarization, 22 piezoelectricity, 23 and good electro-optic effect. 24, 25 These properties are related to polarization behavior under the inuence of external electric eld. [26] [27] [28] Since the discovery of PZT, extensive research has been carried out on substitution of various types of di-and tri-valence cations on lead and zirconia/titanate sites. Some of these substitutions were very successful and led to development of device quality materials with improved optical, ferroelectric, dielectric and leakage properties. The substitutions also change the crystal properties from ferro-to antiferro-to para-electric and modify the ferroelectric phase transition temperatures depending on the substitution elements and their magnitude. powders were re-ground and mixed with 10 wt% polyvinyl alcohol (PVA) solution in order to prepare circular disc-shaped pellets for further analysis. The binder-mix granulated powders were shaped into discs of 13 mm diameter and 1-1.5 mm thickness under uniaxial pressure of 5-6 tons per square inch. Finally these pellets were sintered in air at 1200 C for 4 h to achieve 94-97% of theoretical density. 29 The powder X-ray diffraction (XRD) (Bruker AXS D8 Advance X-ray diffractometer) using the Cu-k a (k a ¼ 1.5405 A) monochromatic radiation, in the 2q range between 20 and 60 was used to determine the phase purity, crystal structure, lattice constant and strain. Grain growth, surface morphology, and percentage of elemental compositions on sintered pellets were carried out using a scanning electron microscope (SEM, Zeiss EVOMA-10) and energy-dispersive X-ray spectroscopy (EDX). The Xray photoemission spectroscopy (XPS) has been utilized to check the valance states of various constituents. During the scan process, core levels C 1s spectrum has maintained at 284.5 eV. Subtle structural distortions, local defects and different ordering states in perovskite structures were studied using room temperature Raman spectra via a Renishaw Via Reex Raman spectrometer, with an excitation source of 514.5 nm (2.78 eV) with a resolution of less than 1.0 cm
À1
. For all electro-optic measurements samples were mechanically polished to make a thin slab of 0.3-0.5 mm. Further transparent conductive electrodes of ITO (Indium Tin Oxide) layer were coated using RF magnetron sputtering on the top surface and silver as bottom electrode. The ITO was chosen as top transparent electrode to transmit light over the ferroelectric surface, and to produce a good barrier height at the ferroelectric interface. The selection of electrodes is important for transport properties and good ferroelectric properties with one interface as a Schottky contact. [30] [31] [32] Thus, careful attention is needed in selection of electrode materials to achieve efficient and/or switchable photo-ferroelectric devices. To neutralize the pinning effects, trapping of charges at grain boundaries and lling of oxygen vacancies with free charge carriers in the matrix, these ceramics were electrically poled at room temperature by applying a dc eld of 40 kV cm À1 for 3-5 h. 33 Photo-charge carriers were generated on the top surface and also inside the bulk under illumination of a white light source (40 mW) and also with a monochromatic u.v. laser having wavelength 405 nm (30 mW). Temperature dependent dielectric properties were studied using a LCR meter (HIOKI-3532-50) at an oscillating amplitude of 0.5 V under dark and under illumination of monochromatic laser light of 405 nm wavelength at various frequencies (1 kHz to 1 MHz) in the temperature range from 25 C to 450 C. Polarization versus electric eld (P-E) hysteresis loops and leakage current were measured by using a Radiant Ferroelectric Tester under both dark and illuminated conditions.
Results and discussion
(a) X-ray diffraction patterns Table 1 that indicate increase in in-plane lattice constant (a) and decrease in out-of-plane lattice constant (c) with increase in Li and Bi cation compositions which belong to space group symmetry P4mm. Fitting parameters for x ¼ 0.3 and 0.4 were in good agreement with tetragonal structure with goodness of t of c 2 ¼ 1.90; but with further increase in concentration of Bi and Li cations (x ¼ 0.5), a distortion develops in crystal structure, specically on the perovskite Pb-site, which in turn creates some secondary and impurity phases. The XRD peak close to 28. ) at A-site. Surface morphology and nal compositions of each system of the sintered ceramics were analyzed using large-area SEM images and elemental mapping, respectively. As depicted in the inset of Fig. 1(a) -(c) for respective ceramics, a granular structure is revealed with little porosity for all the compositions (inset image represents the compositions as in the XRD). These images clearly demonstrate that the average grain size increases progressively with the increase of percentage of the Bi/Li cations. It can be observed for all compositions that a granular structure with well-dened grains and grain boundaries with few voids results. The images show that the surfaces are homogeneous and densely packed, and their large area EDX analysis suggests the compositional percentage of each initial and nal precursor elements are well within the errors limits (AE10%) of SEM-EDX. Light element such as lithium cannot be detected by SEM-EDX. Table 2 shows detailed compositional analysis of various elements.
(b) Raman spectroscopy
Raman spectroscopy is a nondestructive and highly sensitive local probe technique which identies and investigates the local as well as global crystal structures, structural phase transitions, impurity phases, stress, and nano-scale alien phases. Previous attempts were made to explain the Raman modes of Ti-rich lead-zirconate-titanate based perovskite oxides. 7, 35, 36 We have explained the Raman spectra of PLBZT ceramics for x ¼ 0.3, 0.4, 0.5 in context of earlier assigned Raman modes, as can be seen in Fig. 2 (a) perovskite structure with general formula ABO 3 consists of two sublattices: a covalent-bonded lattice formed of octahedral BO 6 sharing their oxygen atoms, and an A-cation sublattice with coulomb interaction. For PLBZT ceramics, the A-sublattices are occupied by Pb 2+ /Bi 3+ /Li 1+ cations, and B-site Zr 4+ /Ti 4+ ions are randomly distributed in the ABO 3 structure.
Raman spectra for PLBZT series were analyzed using the Lorentzian function-based damped harmonic oscillator model (DHO) for these compositions, as shown in Fig. 2 
(b)-(d).

37-39
Based on group theory, pure tetragonal PbTiO 3 system with space group P4mm has been assigned for optical-phonons T 1u and T 2u modes which splits into two modes as A 1 + E and B 1 + E (silent), respectively. All these modes are both Raman and infrared active. These modes are leveled in sequence 1, 2, 3 from low to high frequency. [39] [40] [41] [42] [43] A large number of Raman spectroscopy work has been carried out on Ti rich-PZT systems, its Raman bands have already been dened and assigned. Present systems possess large amount of Bi and Li substitution at A-site that leads to diffuse Raman spectra. All possible Raman modes are tted with damped harmonic oscillator model (DHO). The tted data are presented in the Fig. 2(b It is well known that Bi substitution at A-site signicantly increases the intensity of the B 1 + E mode doublet, as seen in Raman spectra of BiFeO 3 . 43 This phenomenon may be related to short/long-range intrinsic disorder, where the ions are displaced from their high mean symmetry positions, giving rise to the local electric dipoles. 44, 45 The variation of the Raman bands in the low-frequency region is attributed to the substitution of A-site elements of crystal structure and stretching/lattice modes. The variation in the intensity of the various peaks below 400 cm À1 (from Fig. 2 ) could be a result of the substitution of Bi and Li on the Pb-site sublattice. The presence of three cations (Pb/Li/Bi) causes difficulty in analyzing effects of mass and ionic radii (all three having similar ionic radii) on lowfrequency Raman modes. Overlapped Raman spectra of the specimens are mainly due to the random distribution of Pb, Bi, Li cations which break the wave vector selection rule (k ¼ 0) and permit phonons from the entire Brillouin zone to become Raman-active. Three Raman active modes are observed for the medium frequency ranges (300-550 cm À1 ) which represent oxygen ion vibration and dielectric leakage due to different A 
Rene parameters and B-site cations. Three high-frequency Raman modes A 1 (TO 2 ), E(LO 2 ), and E(TO 3 ) seem to be unchanged, whereas phonon modes A 1 (TO 3 ) undergo an signicant change in intensity as a function of Zr/Ti concentration. Although the Zr/ Ti composition is constant for all three compositions, the spectral weight of Bi/Li substitution at Pb-site signicantly alters the high-frequency phonon positions and intensity.
7
(c) X-ray photon spectroscopy Fig. 3(a) -(f) shows the Pb, Li, Bi, Zr, Ti and O elements XPS corelevel spectra of PLBZT (x ¼ 0.4) bulk ceramic samples. We have chosen this particular composition for XPS analysis, since it illustrates the best coupling of polarization under illumination of light. The binding energy (B.E) of all the spectra has been explained while measuring C 1s core levels B.E at 284.5 eV as shown in the inset Fig. 3(f) . The core-level XPS spectra of Pb 4f 7/2 and 4f 5/2 were found at $137.8 and $142.7 eV, respectively and their difference in binding energy for spin-orbit peaks is about 4.9 eV suggests that Pb is in a single valence state with Pb 2+ ion valency.
46 Fig. 3(b) shows the core level spectra of Li 1s which is diffused, broad and weak in nature. It is due to very small amount of Li concentration in PLBZT (x ¼ 0.4) and small crosssection of Li ions that makes it difficult to interact with incident X-ray photon. The sharp peak of Ti 3s also shadowed the lattice site of Li cations generally mentioned at 54.6 to 55.6 eV in literature; however, it is difficult to identify the interstitial and lattice occupancy of Li ions due to broad hump in the range of 49 to 55 eV. The lattice occupancy of Li ions depends on the chemical potential of substitution site. [47] [48] [49] The Bi 4f 7/2 and 4f 5/2 spectra display well dened singlet peaks located at $158.5 and $163.7 eV, respectively. The binding energy difference between the spin-orbit peaks is about 5.4 eV suggests that Bi is in a single valence state with Bi 3+ ion valency. 50-52 A broad and diffused Ti 2p 3/2 peak is obtained near 457.8 eV suggests most of the Ti cations are in +4 states. The Zr 3d 5/2 and 3d 3/2 illustrate well dened peaks located at $181.5 eV and $183.9 eV, respectively with a weak hump near 180 eV. The origin of hump near Zr peaks is unknown which requires further systematic study. O 1s core level spectra have been tted using two Gaussian components corresponding to oxygen signal from lattice (bulk) and surface contaminants (OH À and/or C-O).
(d) Dielectric properties under illumination of light
The room temperature dielectric properties over a wide range of frequency, i.e. 1 kHz to 1 MHz for PLBZT (x ¼ 0.3, 0.4 and 0.5), under dark and monochromatic laser light are shown in Fig. 4(a) -(f). Under illumination of monochromatic light a signicant enhancement in the dielectric constant and loss tangent were observed for each system, especially for x ¼ 0.4 (Fig. 4) . The magnitude of dielectric constant and tangent loss decreased with increase in Bi and Li ion substitution; however, the illumination of light signicantly increases the values of dielectric constant with nearly the same tangent loss ($5%). The dielectric constant and temperature hysteresis (DT h ) are related phenomenon and follow a relation 3(T c )DT h y C. If we suppose electrons do not change the Curie-Weiss constant C, then it all depends on temperature hysteresis
where T c is phase transition temperature; T 0 , the Curie-Weiss temperature; (a, b, g) constants which determine the nature and magnitude of dielectric constant. If temperature hysteresis increases under illumination of light, it signicantly reduced the effective photo-dielectric constant near ferroelectric phase transition and hence reduces the dielectric constant 3 N (T) < 3(T); however, the effects may be opposite if the recharging of deep centers in these ferroelectrics behave in the opposite way. 1 In the present investigation with low% substitution of Bi 3+ /Li 1+ cations, the dielectric constant increases near the phase transition temperature (Fig. 5) ; however, a similar situation occurs yet systems show signicant decreases in dielectric constant near the ferroelectric phase transition temperatures for higher% optically active charge centers. A comparative study of temperature dependent dielectric constant and loss tangent has been carried out on these compositions under dark and illumination of light conditions at 5 kHz probe frequency over a wide range of temperatures (from 25-450 C) as shown in Fig. 5 illumination is as follows:
T ON is Curie point in presence of charge carriers (N) under illumination, T O is Curie point in absence of light assisted charge carriers, C is Curie constant, and a y v 2 E vP 2 is a constant obtained by minimizing the free energy. 35 The enhancement/ decrease in the magnitude of dielectric constant near Curie temperature may be also ascribed to other causes, namely, an intrinsically high polarizability near Curie points due to their ionic displacement or alternatively, morphology features at the interface of the grains/grain boundaries, and with the interface of transparent electrode/electrolytes that modied the polarizability and hence total dielectric properties. The thermodynamics of ferroelectric ceramics indicates that an optodielectric phenomenon is not fully understood based on their microscopic and macroscopic phase transition mechanisms. It is also possible that during ferroelectric phase transition under illumination, large number of photo-generated charge carriers signicantly affect the unit cell volume. 53 The effective dielectric constant has dependence on the presence and concentration of photo generated charge carriers. Note that one can include the extrinsic effects such as Maxwell-Wagner space charge effects, but tangent loss also follows the same behavior, i.e. it signi-cantly decreases near the phase transition temperature under illumination.
(e) Room temperature photo-ferroelectricity, displacement current and PUND analysis Polarization was measured for PLBZT for x ¼ 0.3, 0.4 and 0.5 on poled electro-ceramics. Fig. 6(a)-(c) show ferroelectric loops measured for 2 Hz under dark, illumination of a white light source, and monochromatic laser light, since bulk electroceramics do not respond to higher probe frequency. 54 Correspondingly derived displacement currents are shown in Fig. 6(d)-(f) for the same conditions. A well dened peak in displacement current can be seen for x ¼ 0.3 & 0.4 which increases under illumination of light; however, for higher compositions it shows only a sharp edge of resistive switching. Under illumination conditions non-equilibrium charge carriers appear which change the electron density and favor the overall enhancement in polarization. The mechanism is associated with the screening of ferroelectric polarization by the charge localized at the levels in the volume and on the surface. This mechanism causes bending of the bands and results in an internal eld distribution.
On switching of E-eld (electric eld) in the light, when the external eld reverses its direction, the eld strength in the illuminated sections increases, especially near the surface where the screening charge is localized. Non-equilibrium carriers, which redistribute under E-elds applied to the ceramics, inuence the overall polarization (electronic: due to change in spectral weight; and ionic: ionic displacement of cations at A-and B-site). We understand that under the inuence of white or of monochromatic light the optically active materials absorb photon energy to ll the traps, shi the spectral weight of electronic orbitals, and hence inuence the polarization. [55] [56] [57] The enhancement in polarization by the photo-induced charge carriers can be attributed towards the compensation of depolarization eld.
Under exposure of white light source the observed polarization (P r ) increased 50-150%, which may be due to the compensation of the internal depolarization eld by photoinduced charge carriers, electronic polarization and ionic shi in various A-and B-site cations.
8 The polarization also increased by 100-250% under 405 nm monochromatic laser light compared to dark polarization, it may be due to energy matching of laser light to that of bandgap of materials. These results suggest anomalous enhancement in spontaneous and remnant polarizations under illumination and may be a suitable candidate for devices working on the principle of the switching of displacement currents.
Here we also determine logic characteristics of the PLBZT ceramics using PUND (Positive Up and Negative Down) measurement for ferroelectric memory elements based on a series of ve pulses. Fig. 7 shows that PUND measurements were performed at 80 kV cm À1 E-eld stress and pulse width at 100 ms time. The calculation of the switchable polarization as follows: dP ¼ P* À P^¼ where P* ¼ (switchable polarization + non-switchable polarization) and P^¼ (non-switchable polarization); dP r ¼ P * r À Pr where P * r ¼ (switchable remanent polarization + non-switchable remanent polarization) and Pr ¼ (nonswitchable remanent polarization); theoretically the values of dP and dP r (experimental values in Table 3 ) in the same range. PUND analysis indicates almost 50-100% switchable polarization under illuminated conditions for x ¼ 0.3, 0.4, 0.5, however among these three systems, x ¼ 0.4 shows the highest switching under illumination. These results suggest that light illumination not only switches the polarization but also dictates the charge carriers.
(f) Current conduction mechanisms
Current density (J) versus electric eld (E) measurement data in dark and under white light source is shown in Fig. 8(a)-(c) . Symmetrical leakage current behaviors were observed for series of compositions x ¼ 0.3 to 0.5 up to AE60 kV cm À1 E-eld stress.
A kink in the conduction data near 45 kV cm À1 to 55 kV cm
À1
was seen that represents the displacement current switching near the coercive elds. Inset data show leakage current behavior of unpoled electro-ceramics for their respective compositions. Aer E-poling, nearly saturated and trap-free charge carriers were present in the matrix that also signicantly (at least an order) increased under illumination. These results suggest the development of surface charge carriers near electrode-electrolyte interface and hopping of trapped charges across grain boundaries to the nearest neighbor positions under illumination of light. In the hope of understanding the mechanism responsible for conduction for PLBZT ceramics, we have considered four main mechanisms, space charge limited conduction (SCLC) mechanisms, 58 Schottky emission (SE), 59 modied SchottkySimmons model, 60 and bulk-limited Poole-Frenkel (PF). 61 These models are commonly used to describe carrier transport in ceramics/ferroelectrics. We tted J-E data for quantitative analysis of charge transport in matrix and across interface. Depending on the type of charge transport, experimental data should satisfy straight line ts, and the optical dielectric constant of materials can be extracted theoretically from the magnitude of slopes. Therefore we present some set of results analyzed in terms of the different models.
First we have tted our data for SCLC conduction mechanism where charge carriers are dominated by space charge (either from free or trapped carriers). The current density (J) is expected to have a power-law dependence on applied E-eld (J f E n ).
where, E is bias electric-eld, 3 r is the dielectric constant of ceramics, 3 0 is the dielectric constant of free space, m p is carrier mobility, q is fraction of injected charge carriers that is free (i.e. not trapped); in trap free limit q ¼ 1. Fig. 8(d)-(f) show the linear tting of log J vs. log E, it provides slopes for x ¼ 0.3, 0.4, 0.5 under dark and illuminated conditions for poled ceramics. It can be easily identied two distinct regions, one below coercive elds and above coercive elds. The linear dependence of log J-log E plot in both regions satisfy the power-law dependence. Below coercive elds, the values of exponents (n) were found to be in the range of 1.29 to 2, which is compatible with the discrete trap assisted conduction mechanisms. Therefore we believe that trap assisted discrete conduction mechanisms may be one of the dominant factors to control the conduction process in PLBZT ceramics in both conditions. These ndings suggest that optically active Li/Bi cations at A-site can redistribute the anion (oxygen) vacancies and defects trapped across grains and grain boundaries.
The optical dielectric constants obtained from the slopes of graphs ln J vs. Table 4 . One can correctly distinguish between the Poole-Frenkel (PF) (x is nearly 1) model and Schottky-Simmons model (x is nearly 2) based on the thickness dependent I-V data and variation of constant x from 1 to 2. It can be easily seen from the Table 4 that with increase in x values, the optical dielectric constant values obtained from the slopes of various experimental data deviate from the optical dielectric constant ($6-8) of Ti rich PZT reported in literature, 63 hence ruled out the Schottky-Simmons model (interface limited) and support PF mechanisms (bulk conduction). However, the optical dielectric constant obtained from the slopes for x ¼ 0.5 compositions favor either Schottky-Simmons model or discrete trap assisted SCLC mechanism. At least for x ¼ 0.5 samples require further thickness dependent study to reach any further conclusion which is beyond the scope of present investigation.
Schottky emission model:
where J is current density, V is applied voltage, A* is Richardson constant ¼ 4pem*k B 2 /h 3 , e is electronic charge, 3 0 is permittivity in free space, K is optical dielectric constant, k B is Boltzmann constant, T is absolute temperature, f is barrier height. 
Schottky-Simmons model:
or Poole-Frenkel model/Schottky-Simmons model: 
, x is in the range of 1 and 2, C ¼ amT
, J is current density, V is applied voltage, m is carrier mobility, m* and m are the effective and free electron mass, respectively, 3 0 is permittivity in free space, k is Boltzmann constant, T is absolute temperature, K is optical dielectric constant, and f is barrier height. For PooleFrenkel model: b PF ¼ 2b and x is nearly 1 to 1.25 and for Schottky-Simmons model x is near to 1.75 to 2, depending on the microstructure and materials internal properties.
The current conduction mechanisms also depend on the work function of electrodes and their conductivity. We have used a transparent electrode ITO (50 ohm) as top electrode to check the leakage current under the illumination of light. The energy band diagram of ITO/PLBZT/Ag structure suggests well dened Schottky barrier height. The work function of ITO is 4.7 eV, PLBZT is (electron affinity (3.5 eV) + bandgap (3.2-3.4 eV)), and bottom electrode Ag is 4.8 eV. Illumination of light modies the Fermi energy and populates the conduction band hence effectively reduce the Schottky barrier height and hence effectively increase the charge injection across electrodedielectric interface. The modication of barrier height and development of space-charge in matrix together inuence the leakage current under dark and illumination conditions.
21
The optically active charge carriers remarkably changed the spectral weight of electrons, improve their hybridization, and allow scattering of activated charge carriers at Li/Bi cations. The photo-generated charge carriers are rather uniformly distributed in the samples; even in the case of reversed polarity, illumination enhanced conductivity at least an order of magnitude. This study also highlights the evidence for long lasting generation of photo charge carries and their strong photon-phononelectron coupling. It is evident that considerable amount of photo-carriers generate under illumination of white light near to the top electrode of a materials which dri towards other electrode via grains and grain boundaries (bulk limited) under external biased E-eld, during the course of transportation, these carriers ll the traps, compensate the charge carriers across the grains and grain boundaries interface.
Conclusions
An optically active family of opto-ferroelectrics (PLBZT for x ¼ 0.3, 0.4, 0.5) has been successfully discovered which shows giant polarization switching under illumination of light. These systems possess tetragonal crystal structure with P4mm space group symmetry with increase in in-plane lattice constant (a) and decrease in out of plane lattice constant (c) with increase in Li/Bi substitution. The systems with x ¼ 0.4 & 0.5 show almost [10] [11] [12] [13] [14] [15] C shi in Curie points towards lower temperature and a signicant reduction in the magnitude of dielectric constant under illumination near the ferroelectric phase transition temperature. Interestingly illumination of light also reduced the tangent lost at room temperature and near Curie points, these observations ruled out the possible role of MaxwellWagner effects on dielectric and polarization properties. The polarization and related displacement currents signicantly switched under illumination of light depending on the probed frequencies and applied E-elds. The current conduction mainly obeys bulk limited Poole-Frenkel mechanism which provides the optical dielectric constant similar to Ti-rich PZT. The illumination of light changes the spectral weight of electronic orbitals, reorient the polarization, and strengthens the ionic polarization vector in direction applied E-elds resulting a giant switching of polarization under illumination. Hopefully these results guide the ferroelectric family to develop new optically active ferroelectrics for possible uses as electrically WRITE and optically READ non-volatile memory elements, ferro-photovoltaic materials and holographic imaging.
